Palliative care in end-stage valvular heart disease BURDEN OF VALVULAR HEART DISEASE
In previous decades, valve disease was recognised because of its relationship to rheumatic fever, but age-related degenerative valve disease is becoming predominant. 1 2 Improvements in imaging have led to earlier diagnosis of valvular heart disease (VHD), and the greater availability of interventions has led to new methods for management. 2 3 The cost of the management of VHD has correspondingly increased, 3 raising questions about cost-effectiveness of some interventions. 1 4 Elderly patients frequently have VHD. The OxValve Study reported a major burden of undiagnosed VHD in the elderly population (defined in that study as 65 years and older). In a large-scale community screening effort, new VHD was found in 51% of the participants. The total population prevalence of moderate and severe disease was 11.3%, with a predicted 122% increase in VHD by 2046. 3 The prevalence of at least moderate aortic valve disease is approximately 2% in patients 70-80 years old, 1 2 but is as high as 9% in those older than 80 years of age. In comparison, significant aortic regurgitation has a prevalence of 0.5%. At least moderate mitral regurgitation, which can be a structural or functional lesion, has an estimated prevalence of 1.1%-1.6%. 1 The age of patients with VHD is increasing, and mortality is high in this population. Advanced age, end organ dysfunction and the presence of comorbidities are associated with reduced survival in VHD. Vahanian and colleagues report that in the decade between 1997 and 2006, the proportion of patients with VHD who were 80 years or older significantly increased from 13% to 20%, and the number of patients with comorbidities such as diabetes, coronary or other vascular disease and renal or pulmonary disease also significantly increased. 2 Aortic disease is particularly associated with poor prognosis once symptoms develop. Patients with severe aortic stenosis have been reported to have 40%-50% 1-year mortality, increased to 80% by 3 years. 5 6 The decision to intervene on VHD in the elderly is complex due to the common presence of comorbidities, limited life expectancy and the associated increased operative risk. 2 5 The cost of VHD is high. In addition to the increased costs from increasing VHD prevalence, Clark and colleagues reported that the mean Hierarchical Condition Categories score for elderly patients with aortic stenosis was 3.4, meaning their expected healthcare costs were over three times those of the average Medicare beneficiary. These patients experienced an average of 4.4 acute hospitalisations per patient over a 5-year period, with a mean length of stay of 26.7 days and 57.4% subsequently required home healthcare, 52% required skilled nursing care and 27.6% enrolled in hospice. Medical costs were estimated between $600 million and $1.3 billion per year, depending on whether half or all were incident cases, respectively. 5 Badheka and colleagues reported similar findings. Elderly patients with aortic VHD with higher comorbidity burden had double the hospitalisation rate, increased need for assistance or institutionalisation over time and an annual cost of $2.13 billion in 2011, extrapolated to nearly $3 billion by 2020.
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EMERGENCE OF TRANSCATHETER VALVE PROCEDURES AS TREATMENT OPTIONS
Percutaneous aortic valve replacement (transcatheter aortic valve intervention, TAVI or transcatheter aortic valve replacement, TAVR; henceforth we will use 'TAVR'), introduced in 2002, was initially designed for use in patients with aortic stenosis who were considered at too high or excessive risk for surgery. Its use has become widespread and is being expanded to lower risk populations. 2 The most well-known study demonstrating the value of TAVR is the PARTNER trial. In 2010, for those ineligible for surgery, TAVR was shown to significantly reduce rates of death from any cause (30.7% vs 50.7% in those medically managed), significantly reduce the composite endpoint of death from any cause and repeat hospitalisation (43.5% vs 71.6%) and significantly reduce cardiac symptoms compared with medical therapy. 8 When compared with surgical aortic valve replacement, TAVR was found to have similar rates of death from any cause and rates of stroke for high-risk patients. 9 10
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Use of the technology that supports TAVR has been implemented to treat VHD other than aortic stenosis. Valves designed for TAVR have been used to treat aortic regurgitation. 11 A transcatheter option for replacement of previously repaired pulmonary valves became available in the mid-2000s. 12 13 This valve and those designed for TAVR have been employed in the valve-in-valve technique for treatment of dysfunctional, previously placed prosthetic valves in the aortic and other positions. [14] [15] [16] [17] [18] Multiple devices have been explored for percutaneous repair or replacement of the mitral valve, but the only currently approved device is the MitraClip, 19 which uses a system to percutaneously clip edges of the anterior and posterior mitral valve leaflets together, reducing the effective regurgitant orifice area of the valve. The EVEREST trials showed that repair of mitral regurgitation using the MitraClip technology was feasible, with improvement in clinical symptoms and left ventricular reverse remodelling at 1 year. [20] [21] [22] There are no devices specifically approved for tricuspid intervention, but percutaneous valves have been placed in the inferior vena cava to reduce the effects of tricuspid regurgitation on abdominal viscera, and edge-to-edge clipping of tricuspid leaflets has been attempted. 23 
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'Can' does not equal 'should'
It is increasingly recognised that the primary driver of symptoms, reduced quality of life and shortened longevity, may not be cardiac disease in many patients with severe VHD. In these cases, valve interventions have marginal effects on a patient's overall clinical course. 25 Not all patients benefit equally from TAVR. Up to 30% of TAVR survivors in PARTNER either died or experienced persistent NYHA Class III or IV symptoms at 1 year. 8 26 For patients who did experience improvements in symptoms and physical function, benefits in psychological dimensions and general health measures were small and inconsistent. 27 A persistent mortality benefit at 2 years has been reported, but only for those who survived beyond the first year. 28 These findings-of persistent symptoms and/or death despite procedural success-suggest that the existence of comorbid conditions plays a major role in the long-term success of this procedure. This suggestion is echoed by the finding that patients had worse outcomes with the transapical compared with the transfemoral approach, likely as a function of the higher procedural risk in the transapical group. 29 Whether TAVR represents a rational use of limited healthcare resources requires a thorough understanding of its long-term outcomes and costs. 5 Given the large volume of patients undergoing TAVR and the rapid development of other percutaneous valvular intervention technologies, the potential for inconsistent or insignificant benefit in a large number of patients is concerning but under-studied.
Determining whether a patient will benefit from TAVR is part of the pre-procedure multidisciplinary assessment, which requires consensus from a Heart Team. This Team is composed usually of an interventional cardiologist and a surgeon and, in addition to the patient, includes a multidisciplinary group of caregivers with expertise in VHD such as imaging specialists, anaesthesiologists and nurses. 30 31 Assessment of frailty can play an important role. Frailty is defined as 'a syndrome of decreased physiologic reserve and resistance to stressors, resulting in cumulative declines across multiple organ systems and increased vulnerability to adverse outcomes'. It is characterised by slowness, weakness, poor endurance, and a low activity level. It is distinct from comorbidity and disability and should be assessed independently. Frailty is both a causative and prognostic factor in cardiovascular disease. It is present in 50+% of patients with heart failure (HF) and coronary artery disease, and greatly influences morbidity and mortality. In the PARTNER trial, increased frailty was associated with both a higher mortality and a higher rate of poor functional outcome at 1 year, and lower frailty has been associated with better outcomes. 32 Data regarding pre-procedure risk assessment and frailty do not exist for patients undergoing percutaneous interventions other than TAVR.
TAVR benefits are also negatively impacted by comorbidities such as renal dysfunction, significant lung disease, coronary artery disease and, possibly, reduced ejection fraction (EF). Most patients in the PARTNER trial had normal EF, and those with EF <20% were excluded. Those with low-flow low-gradient AS had worse outcomes. Nonetheless, the extent to which functional recovery following TAVR is related to patient characteristics is poorly understood. 26 Even the definition of 'benefit' in this setting is up for debate, especially for patients who place a higher value on functional status and quality of life than longevity. 27 Traditional outcome parameters used in predictive models may fail to appreciate the full effects on emotional, physical, functional and mental well-being. 26 The European System for Cardiac Operative Risk Evaluation (EUROSCORE) and Society of Thoracic Surgeons (STS) scores are poorly calibrated for TAVR, 25 and they are not able to predict symptom resolution, quality-of-life improvement, or return to independent living. 26 EUROSCORE II and ACEF (acronym for age, preoperative creatinine and EF) perform reasonably, but were not developed in TAVR populations. 25 Recommended tools for use include the Charlson Comorbidity Index, Kansas City Cardiomyopathy Questionnaire, Minnesota Living with Heart Failure Questionnaire, SF-12/36 PCS and MCS scores, EuroQoL-5D and 6-metre walk test. 2 27 Use of the Vancouver Functional Assessment (which includes 5-metre gait speed score, grip strength, activities of daily living (ADL) and instrumental activities of daily living (IADL) assessment, Mini-Mental State Exam and the Canadian Study on Health and Aging frailty score) and the 'look test' (a full-body photograph in street clothes, with mobility aids) have also been reported. 33 Following evaluation, 30%-40% of those referred to TAVR are turned down because they are thought too sick or frail to benefit. 2 Some describe these as 'Cohort C,' characterised by STS >20, FEV >40%, long-term O 2 dependence with history of smoking, pulmonary hypertension, chronic kidney or liver disease, extreme obesity, neuromuscular disease, extreme frailty and dementia-factors linked to high 1-year mortality in PARTNER and similar studies. The Centers for Medicare & Medicaid Services (CMS) coverage policy precludes payment for TAVR for patients whose comorbidities would impede the expected benefit from correction of the aortic stenosis. 34 How to counsel and manage patients in this group as they return to their referring providers facing the natural history of their valve disease and their comorbidities has not been well investigated.
HIGH SURGICAL RISK IMPLIES THE NEED FOR ADVANCE CARE AND VALVE PREPAREDNESS PLANNING
VHD is often a life-limiting illness. 5 6 It is associated with reduced physical capacity which leads to the inability to participate in daily activities that make life meaningful. 26 Medically vulnerable patients with advanced illness fit the mould of those who benefit from advance care planning (ACP) and palliative care (PC) discussions. There exists a significant unmet need to bridge the procedural Review management of VHD with the integration of high quality, patient centred care as these patients approach end-of-life. 33 It is important to recognise that nothing in cardiology is curative; even successful interventions simply change the course of disease. Patients will still die, and elderly patients with multiple co-morbidities tend to die sooner, even after successful intervention.
PC is specialised medical care of people with serious illnesses. It is 'patient and family centred care that optimises health related quality of life by anticipating, preventing and treating suffering'. 35 PC does not mean withdrawal of care, and it is not equivalent to hospice. PC can and should be instituted alongside life-prolonging and disease-modifying interventions. 36 37 Its focus is on symptom management, defining goals of care and facilitating appropriate discussions about what to expect to help patients live fully despite illness. It can help reduce anxiety and increase a patient's sense of control as patients can more fully understand their illness and put its effect on their lives into perspective. PC affords patients the opportunity to think about challenging decisions before they need to be made, 38 while their thinking is not impaired by pain, panic or delirium. 36 37 In cancer, PC has been shown to improve quality of life and, in some cases, prolong it. [39] [40] [41] A recent systematic review of PC in HF cited improved quality of life and symptoms, with decreased hospitalisations and in-hospital deaths. 42 Although there is not comparable literature in the population of patients with severe valve disease, 29% of the patients included in the EuroHeart study had concomitant valve disease. 43 PC discussions including description of expected prognosis and initial end-of-life planning should begin at the time of diagnosis of a life-limiting condition. 35 44 PC clinicians are trained to expertly facilitate communication between patients, family members and medical providers. This is particularly useful when there exists uncertainty in goals of care or when conversations have led to psychosocial distress. 36 It is also key in situations when 'aggressive' treatment options may not offer outcomes consistent with patient values. In addition to the services available to patients, PC may also provide support and guidance for caregivers, both to family members and to providers, and it offers bereavement and grief counselling to families after a patient's death. Boxes 1 and 2 summarise the aims of PC in VHD and the benefits to ACP in this group.
PC can be described in terms of 'primary' and 'specialty'. 45 There are too few specialist PC clinicians to meet the need in cardiovascular disease. 'Primary PC' is performed by clinicians who may not have advanced training or expertise in PC but have the advantage of drawing on the resources of an already established physician-patient relationship and understanding the prognosis and available treatments for a patient's disease state. PC in this context includes assessment for physical and emotional distress, clear discussion of prognosis and what to expect, exploration of a patient's values, goals and preferences to guide treatment decisions and identification of a surrogate decision-maker. Refractory symptoms, conditions outside of the clinician's expertise, difficult discussions about complex decision making and conflicts over ACP may prompt referral for specialty PC (box 3). The time of diagnosis of severe VHD is the perfect time to engage patients in discussions of ACP and to introduce the concept of PC. The goal of valvular interventions is not just the prolongation of life, but restoration of a satisfactory quality of life. 26 Decisions about valvular interventions should be guided by the principles of shared decision-making, using simple and honest language. 46 However, things do not always work out as planned. Though rare, a patient may experience a severe complication from the procedure, leaving them worse off than before, or may undergo a successful procedure but remain limited, with a poor quality of life, by symptoms unrelated to the valvular lesion. Or a patient may benefit initially from the intervention, only to experience progression of a non-valvular disease that limits longevity and/or quality of life. The patient and structural heart team can work together to construct a 'valve preparedness plan,' akin to that developed by Swetz et al for patients undergoing ventricular assist device (VAD) placement. 47 A guide for incorporating PC into the VHD treatment plan is offered in figure 1 .
Perhaps most important are PC conversations for the 'cohort C' patients not eligible for procedural intervention. Being turned down for life-saving intervention can easily leave patients feeling scared and abandoned as they return to their referring physicians, and they would benefit most immediately from ongoing PC.
REQUIRING PALLIATIVE CARE AS A COMPONENT OF THE HEART TEAM
For advanced HF therapies such as VAD and transplant, the CMS developed a national coverage determination for destination therapy VAD, and the Joint Commission (JC) created 48 49 With the rapid expansion of the application of transcatheter procedures to treat advanced valve disease in patients with serious comorbidities, it may be beneficial to enact similar measures in the end-stage valve population as in the end-stage HF population. Though the morbidity of MCS placement in general exceeds that of TAVR, as does the level of necessary ongoing medical care involving device management, there are substantial arguments in favour of involving PC specialists prior to transcatheter procedures, particularly in elderly patients with advanced cardiac disease. PC specialists can formally assist with clarification of goals of the procedure and to ensure that the expected outcome and the risk burden are in line with patient values. PC involvement in the care team can formalise advance directives and identification of surrogate decision makers. Symptoms unlikely to improve with the valve intervention can be addressed and if appropriate, PC specialists can facilitate referrals to hospice. Geriatricians often have expertise in PC and can assist in assessing and addressing the needs of frail patients with severe VHD and, as such, can contribute much to the Heart Team.
The large and growing number of percutaneous valve procedures that occur each year may require creative solutions to providing adequate PC to patients. Developing and strengthening primary PC skills, specifically around communication and ability to assess global symptoms, should be a priority for members of the Heart Team taking care of these patients. An interdisciplinary team that may include nurses, advanced care practitioners and social workers can provide additional support in meeting patients' PC needs. Standardised tools that incorporate PC principles can be used to guide discussions, and specialty PC providers may be present at larger team meetings.
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CONCLUSION
The application of VHD procedures to an increasingly large group of patients, particularly those who are elderly with multiple comorbidities, and the recognition that many of these patients will not be optimally served by VHD interventions argue for increased PC involvement. There is a pressing need for investigation into the application of PC for patients with VHD. Studies are needed examining the outcomes of pre-procedural involvement of PC specialists on VHD teams, post-procedural PC needs in the VHD population, application of primary PC principles, especially related to ACP, application of PC to patients in 'Cohort C' and patient-centred outcomes of PC involvement, including quality of life, satisfaction, readmissions and cost.
